Purpose of Review This study aims to review the recent (2012)(2013)(2014)(2015)(2016)(2017) available gender difference data on e-cigarette use among adolescents. Recent Findings E-cigarettes are the most commonly used tobacco product among adolescents, and recent study findings showed that e-cigarette use can lead to cigarette smoking. However, gender differences in e-cigarette use among adolescents are relatively unknown. Summary We used the search terms "adolescents" and "e-cigarettes" on PubMed and identified 652 articles. Of these, 16 articles (2.5%) examined gender differences in adolescent ecigarette use. Boys appear to have greater use of e-cigarettes, but girls may be at increased risk if e-cigarettes are targeted to them, as it has been for cigarettes. Data on gender differences are limited, and future research should continue to examine gender differences in e-cigarette use. Trends in use rates could evolve with new regulations and innovations in e-cigarette marketing and product features.
Introduction E-Cigarettes Are Popular Among Adolescents
Electronic cigarettes (e-cigarettes), also referred to as electronic nicotine delivery system (ENDS), are batteryoperated electronic devices that produce visible aerosol (i.e., vapor) when a liquid solution (also known as eliquid or e-juice), which may contain flavoring, nicotine, and other chemicals, such as propylene glycol (PG) and vegetable glycerin (VG), are heated. Since their introduction to the USA and the global market around 2007, ecigarettes have rapidly become popular among adolescents. The recent National Youth Tobacco Survey showed that past-month e-cigarette use among US adolescents increased eightfold between 2011 and 2016 (1.5 to 11.3%), while cigarette smoking decreased (15.8 to 8.0%) during this same time period [1•] . E-cigarettes are now the most commonly used nicotine/tobacco product among adolescents.
The growing popularity of e-cigarettes has stimulated a heated debate among health professionals, with some viewing e-cigarettes as a valuable harm reduction tool for current cigarette smokers [2] , while others take a precautionary view by warning the public of the potential harm of exposing youth to nicotine through e-cigarettes [3] . Of note, many recent studies suggest that youth who start using e-cigarettes are more likely to progress on to using other combustible tobacco products like cigarettes [4•] . In fact, based on this evidence, the recent US Surgeon General's Report on e-cigarette use among youth recommends a development of a comprehensive strategy to protect youth from e-cigarettes [5•] .
Gender Differences in the Effects of Nicotine and Tobacco Use
While e-cigarette use among youth has been well-documented using national [1•, 6] and local data [7] [8] [9] [10] , there is limited evidence on gender differences in use rates. Gender differences need examination considering the extensive existing research on gender differences in the effects of nicotine and tobacco use behaviors [11] .
Historically, cigarette smoking has been higher among males; however, there has been a narrowing of this gap in the USA and around the world [12, 13] . It has been proposed that the narrowing of gender differences may be in part due to extensive targeting of females through the use of tobacco marketing that normalizes and glamorizes smoking through the use of themes on how cigarettes could curb appetite, promote weight loss, and make females thin and independent [14, 15] . Even the shape of cigarettes and the packaging through the use of slim, long packs, with pink and pastel colors are specifically designed to appeal to females [16, 17] . The increase in smoking among females is a serious public health problem and has led to two US Surgeon General's Report dedicated to setting the national priority on reducing and preventing smoking among females [18, 19] .
There are also well-established gender differences in nicotine effects. Females metabolize nicotine and cotinine (a metabolite of nicotine) faster than males due to the presence of estrogen [20] . The quicker metabolism of nicotine and cotinine may be related to worse smoking cessation outcomes among females [21] [22] [23] . Females are also less sensitive to the rewarding effects of nicotine (i.e., they find it less rewarding) [24] and experience greater adverse subjective sensitivity (i.e., greater strength, head rush, bad effects) [25] . However, females have greater sensitivity to the non-pharmacological components (e.g., visual, olfactory cues, mood) of cigarette smoking, which may contribute to difficulties in quitting [24] .
The path to developing nicotine dependence and eventually achieving cessation appears to vary between males and females. First, early age of onset of cigarette smoking is associated with negative outcomes, such as greater nicotine dependence [26] . Although males are more likely to initiate at an earlier age than females [27] , evidence indicates that males are more likely than females to forward telescope (recall their age of onset for regular cigarette smoking to be a younger age) [28] . The forward telescoping among males suggests that females could face similar risks as males in developing nicotine dependence. Second, adolescent females and males have different reasons for maintaining smoking behavior. Female adolescents smoke to control weight [29, 30] ; conversely, male adolescents report smoking because of the taste and smell of cigarettes and the "buzz" they feel from smoking [30] . Third, female smokers have lower smoking cessation rates relative to male smokers [21-23, 31, 32] . The gender differences in smoking cessation could be related to concerns about gaining weight [33] , negative mood when trying to quit [34] , and greater reinforcement for smoking from behavioral and nonpharmacological factors (also described above) [32] .
Finally, female smokers appear to experience worse health outcomes than male smokers. Although not consistently observed, studies have shown that the risk of lung cancer and other lung diseases appear to be greater in females than males [35, 36] . Female smokers also experience greater respiratory symptoms and lower ratings of overall health compared to male smokers [37] . The few published studies on health outcomes among adolescent smokers have shown that adolescent girls who smoke experience greater deficits in lung growth [38] and more respiratory symptoms than boys who smoke [39] .
Much of the literature on gender differences in tobacco use has focused on cigarettes. With the growing popularity of ecigarettes among youth [6, 40] , potential gender differences in e-cigarette use needs examination. Thus, we conducted a review of the recent (2012-2017) available literature to identify gender differences in e-cigarette use among adolescents.
Methods
We searched the terms "adolescents" and "e-cigarettes" on PubMed in May 2017. The search was limited to publication years between 2012 and 2017 in the USA. To be included in this review, the articles had to report e-cigarette use rates for each gender among youth up to 18 years old accompanied by an appropriate statistical test and/or p values or confidence intervals to assess gender differences in use rates. Articles that reported dual use of e-cigarettes and other tobacco products were excluded.
In this review, we reported e-cigarette use by gender and study characteristics, such as the year that the survey was conducted, study location, type of survey, and sample characteristics, such as age and sample size ( Table 1) . We also examined the questions used to define and assess e-cigarette use ( Table 2) .
Results
The search terms identified 652 studies, and 2.5% (N = 16) of the studies met the inclusion criteria. Of the 16 studies, 2 studies reported use rates separated by age group (i.e., middle school versus high school) and 1 study reported use rates separated by 2 years of survey administration (i.e., 2011 vs. 2012). These rates were counted as separate rates despite being from the same studies.
Of the included studies, 81.3% reported "ever use" rates and 75% reported "current use" rates. E-cigarette use was defined consistently across the studies: "ever use" was defined n/a n/a n/a
Studies are presented in the order of the survey year and then by author name. All reference groups are non-users of e-cigarettes, unless otherwise stated. All statistics and p values presented are bivariate comparisons, unless otherwise stated. Bold font indicates statistically significant difference at p < .05
OR odds ratio, 95% CI 95% confidence interval, MS middle school, HS high school, n/a not available 1 The percentages were recalculated to reflect the percentages based on the total number of male/female participants, respectively 2 The reference groups are never e-cigarette users stratified by cigarette smoking status 3 Adjusted odds ratio, with age, race/ethnicity, income, living with a smoker, being friends with a smoker, own smoking, having tried to quit smoking (among smokers) 4 E-cigarette use data from other waves are presented in the paper, but only data from the survey wave reporting e-cigarette use rates by gender are presented here 5 Adjusted odds ratio, with school, e-cigarette use, age, race, cigarette smoking in the model 6 Adjusted odds ratio, with community, ethnicity, income, and highest parental education in the model 7 The reference group is non-current e-cigarette users 8 E-cigarette use data from only HS students are reported because gender differences for middle school students are missing as ever trying an e-cigarette and "current use" was defined as using an e-cigarette in the past 30 days. Specific brands and terms referring to e-cigarettes varied slightly. When the ecigarette brand name was provided as an example, the brands used were "Ruyan" and "NJOY." Some also used the terms "e-cigarettes" and "electronic cigarettes" to refer to the [41] n/a "In the past 30 days, have you used any of the following tobacco products?" Current users responded using "e-cigarettes (an electronic cigarette that is filled with liquid nicotine and emits "smoke" vapor)" 2. Lippert (2015) [42]
Specific question was not provided in the manuscript. Participants were asked whether they had ever tried e-cigarettes and were presented with some brands as examples.
n/a 3. Dutra and Glantz (2014) [43] "Which of the following tobacco products have you ever tried, even just 1 time?" Ever users responded, "electronic cigarettes or e-cigarettes, such as Ruyan or NJOY."
"During the past 30 days, which of the following tobacco products did you use on at least 1 day?" Current users responded, "e-cigarettes." 4. Cardenas et al.
(2015) [44] "Which of the following tobacco products have you ever tried, even just one time?" Ever users responded, "Electronic Cigarettes or E-cigarettes such as Ruyan or NJOY."
n/a
Barnett et al. (2015) [45]
Ever users responded "yes" to, "using an electronic cigarette" to the question, "Have you ever tried, even once…" Current users responded "yes" to "During the past 30 days, have you used an electronic cigarette? 6. Corsi and Lippert (2016) [46] "Which of the following tobacco products have you ever tried, even just one time?" Ever users endorsed "electronic cigarette or e-cigarettes, such as Ruyan or NJOY."
"Which of the following tobacco products have you ever tried, 1 or more times in the past 30 days?" Current users endorsed using e-cigarettes. 7. Huang et al.
(2016) [47] n/a "In the past 30 days, which of the following tobacco products have you used on at least 1 day?" Current users endorsed trying at least 1 of the past 30 days of "electronic cigarette or e-cigarettes, such as Ruyan or NJOY." 8. Leventhal et al.
(2015) [9] Specific question was not provided in the manuscript. Ever users endorsed ever using an e-cigarette.
Alcalá et al. (2016) [48]
Specific question was not provided in the manuscript. Ever users endorsed ever using an e-cigarette. 10.
Barrington-Trimis et al.
(2015) [7] n/a "During the past 30 days, on how many days did you use these products?" Participants who had "never tried" tried "electronic or e-cigarette, even one or two puffs" were classified as "never users." Those who had used e-cigarettes but not in the past 30 days were classified as "past users." Participants who had used the product on at least 1 of the past 30 days were classified as "current users." 11.
(2016) [49] Specific question was not provided in the manuscript. Participants who had "never tried" the product (not "even 1 or 2 puffs") were classified as "never users." Those reporting an age at first use of the tobacco product were classified as "ever users" of that product.
n/a 12. Cooper et al. (2015) [50] n/a "During the past 30 days, on how many days did you use electronic cigarettes or e-cigarettes, such as Ruyan or NJOY?" Participants reporting at least 1 day of e-cigarette use in the past 30 days were classified as current users, while those reporting zero days of e-cigarette use in the past 30 days were classified as non-current users. 13. Gilreath et al.
(2016) [51] Specific question was not provided in the manuscript. Participants who provided an age of onset were considered ever users.
Specific question was not provided in the manuscript. Endorsement of past-30-day use was considered current users.
14. Porter et al.
(2015) [52] n/a Current users responded "yes" to, "During the past 30 days have you used an electronic cigarette?" 15. Westling et al.
(2017) [53] Ever users endorsed using at least once to, "In your whole life, how many different times have you ever smoked an e-cigarette ['vape pen'] or an e-hookah, even a puff?" Current users endorsed using at least once to, "In the last 30 days, on how many days would you say you have smoked an e-cigarette ['vape pen'] or an e-hookah, even a puff?"
Giovacchini et al. (2017) [54]
Specific question was not provided in the manuscript. Ever users endorsed ever using an e-cigarette.
Current users endorsed at least once to, "How many of the past 30 days they had used an e-cigarette or electronic vapor product ."
Studies are presented in the order of the survey year and then by author name. Only the questions used to provide separate rates by gender are included in this table n/a not available product. Only one study used terms such as "vape pen" and "e-hookah" to refer to the product. The surveys were conducted around 2013 (SD = 1.31), and the sample sizes ranged from N = 298 to N = 36,993; larger sample sizes came from national surveys and small sample sizes came from surveys of a subset of a cohort study. Five studies (26%) used the national survey, National Youth Tobacco Survey (NYTS), and 73.7% used surveys from specific states (i.e., CA, CT, FL, NC, NY, OR, TX). Approximately 16% were data derived from middle school students, 47% from high school students, and 32% from both.
Ever e-cigarette use rates ranged from 2 to 48.9% among boys and 1.2 to 49.2% among girls; current use rates ranged from 1.6 to 16.2% among boys and 0.6 to 16.8% among girls. Significant gender differences were observed among 53.8% (n = 7) of studies that reported ever e-cigarette use rates (n = 13) and 66.7% (n = 8) of studies that reported current use rates (n = 12). All studies that reported gender differences observed higher use rates among boys than girls. All gender comparisons, with the exception of three studies, were bivariate comparisons. The three studies that did not provide bivariate comparisons examined gender differences adjusting for other covariates.
Discussion
E-cigarettes have been available in the market for about a decade. Their use has grown rapidly, surpassing cigarette smoking to become the most commonly used tobacco product among adolescents [1•, 6] . However, little is known about gender differences in adolescent e-cigarette use. Our review of the literature published between 2012 and 2017 showed that about half (when examining "ever e-cigarette use") and two thirds (when examining "current e-cigarette use") of the studies reported significant differences in e-cigarette use between boys and girls. All studies that observed gender differences showed that boys had higher use rates than girls. Higher e-cigarette use among adolescent boys is perhaps not surprising given the well-documented research findings showing higher tobacco use among both adolescent [40] and adult males [55] , as well as the greater nicotine-related subjective reward experienced by males relative to females and the subjective adverse effects of nicotine experienced by females relative to males (as reviewed in the "Introduction" section).
Interestingly, unlike with cigarettes, e-cigarette marketing seems to be targeted toward males [56, 57] . Although specific studies of gender differences in e-cigarette marketing have yet to be conducted, existing studies have identified that ecigarette marketing have focused on sporting events [56] and have emphasized sex appeal (e.g., sexy women surrounding male users) [57] , which may make these products more enticing to adolescent males. Additionally, relative to boys, adolescent girls are more likely to obtain their e-cigarettes from their peers, while boys are more likely than girls to purchase e-cigarettes from online sources [58] , suggesting that purchase and use of e-cigarettes among boys may be influenced by e-cigarette marketing. Boys who purchase their own e-cigarettes could be also using them more frequently due to greater, easier access from owning their own e-cigarettes, whereas girls who depend on their peers for e-cigarettes may be using them more infrequently due to limited access. Although current trends point to boys being more likely to use e-cigarettes, about half of the studies did not observe significant differences in use rates by gender. Therefore, future studies need to assess gender differences in e-cigarette use, especially considering that e-cigarette marketing strategies and innovations in product features (e.g., packaging and device design, appealing flavors) are expected to evolve rapidly. Future studies should also assess other subgroup differences in e-cigarette use, such as socioeconomic status (SES) and racial/ ethnic and sexual minority groups. These subgroups have been traditionally targeted by the tobacco industry [59] [60] [61] .
It is important to note that e-cigarette use rates varied depending on the age of the sample and the questions used to assess e-cigarette use. Generally, use rates were lower among younger adolescents and higher among older adolescents. When interpreting use rates, it is important to determine how adolescents are grouped together (e.g., middle school and high school together or separately). The measurement of e-cigarette use should also be taken into consideration. The studies included in this review examined "ever use" or "current use," defined as past-30-day use of e-cigarettes. The use rates were higher for "ever use" than for "current use." Future studies should use more nuanced measurement of e-cigarette use that better captures the use patterns such as frequency and quantity of use.
Although there have been many research studies on ecigarettes (our study identified 652 between 2012 and 2017 using search terms e-cigarettes and adolescents), research on e-cigarettes is still at a nascent stage and future studies are needed to assess whether subgroup differences in e-cigarette use exist. Our research shows that very few studies (2.5%) presented adolescent e-cigarette use rates by gender. Furthermore, even the studies that examined gender differences have not explicitly examined gender differences as the main focal point, but rather, examined gender as a covariate in examining use rates. In addition to identifying gender differences in use rates, future studies should also examine the context in which gender differences could occur.
Our examination of the existing literature also identified several areas for future research. Even though most of the studies we reviewed were published between 2012 and 2017, the questions used to assess the brands of e-cigarettes used were in many cases outdated and potentially unfamiliar to adolescents (e.g., Ruyan, which is the first e-cigarette brand to be marketed in the USA). Currently, there are many varieties of e-cigarette devices available with thousands of flavors [62] . Furthermore, a recent study indicates that the use of disposable/cigalike devices are less common among adolescents, whereas later generation devices, such as rechargeable, pen-like devices, mods/mechmodes are more common [63] . Thus, future research needs to consider the use of different device types and focus on later generation devices that adolescents may be more familiar with to obtain more accurate estimates of use.
Future research on gender differences in e-cigarette use should consider the fact that e-cigarettes are different from other tobacco products because they have various constituents that can be manipulated (e.g., nicotine, flavors, PG/VG levels). It is particularly important to determine the level of nicotine used in the e-liquids, considering the known gender differences in nicotine metabolism and reactivity. One study [64] has examined nicotine concentrations used by adolescents in e-cigarettes. This study observed that 28.5% of adolescent e-cigarette users used nicotine-free e-liquid, 37.5% used nicotine e-liquid, and 34.1% did not know the levels of nicotine in their e-liquids. Furthermore, girls were more likely to report not knowing the content of the nicotine level being used in their e-cigarettes, perhaps because they are more likely to use their friends' e-cigarettes [58] . Therefore, future research also needs to focus on examining gender differences in the use of nicotine by quantifying the nicotine in ecigarettes being used by youth, and other appealing constituents like flavors in e-cigarettes to understand if girls and boys use e-cigarettes for different reasons.
Conclusion
Very few studies have examined gender differences in ecigarette use among adolescents. Of the studies that have examined gender differences, gender differences were not the focal point of the study, and only about half observed that boys were more likely to use e-cigarettes than girls and the other half did not observe gender differences in e-cigarette use. As the regulation and marketing of e-cigarettes are quickly evolving, future studies should continue to assess gender differences in adolescent e-cigarette use while also assessing quantity and frequency of use, nicotine levels and other constituents used in e-liquids, and the device type. Furthermore, studies should also assess e-cigarette use among subpopulations of adolescents who have been traditionally targeted by the tobacco industry, such as adolescents from low SES backgrounds and ethnic/racial and sexual minority adolescents.
